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Figure 4: Sumval according to prior chemotherapy

Progression-free survival with prior oxaliplatin (A). O1 prior oxalip

prior oxaliplatin (C). Overall survival

without prior oxalpltin (D). FOLFIRIeinfusional fluorouracil, olinic acid, and irinotecan. IRSsirinotecan plus -1, HR-harard ratio.

When our trial was started, FOLFOX was already the
standard firstline treatment worldwide, but because
oxaliplatin had 1ust been lau.nched in Japan, patients who
received prior ck without oxalipl
were also enrolled. In the subgroup that received prior

liplatin, the adjusted HR for prog free survival
of IRIS to FOLFIRI was 0- 876 (95% CI 0-677-1-133)
suggesting that IRIS was non- mfenor to FOLFIRI after
failure on liplatin-c gl In this
bgroup, the median progressi n-free survival associated
with IRIS was 5-7 months, and much better than the
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ly reported p ion-free survival associated
w1th FOLFIRI in patients who received prior chemotherapy
with a fluoropyrimidine and oxaliplatin.** FOLFOX or
FOLFIRI as the first-line chemotherapy and subsequent
crossover in the second line is the most common treatment
strategy for metastatic colorectal cancer, although there is
no evidence of superiority of FOLFIRI over irinotecan
alone. In Japan, the approved dose of irinotecan
(150 mg/m2, every 2 weeks) alone is lower than that in
western countries, and monotherapy with irinotecan
(350 mg/m?, every 3 weeks) could not be used. Both IRIS
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IRIS (n=210) P value (grade 3~4)

FOLFIRI (n=211) |

All grades Grade 3 Grade 4 All grades Grade 3 Grade 4. !

S———— |
Neutropenia 179(84-8%) 76(36:0%)  34(161%) 139(66-2%) 54 (257%) 22 (10:5%) 00012

Leucopenia 170(806%)  32(152%) 1(05%) 154(733%) 32(15:2%) 6(2:9%) 05178 |

| Anaemia 15(545%)  13(6:2%) 1(05%) 156(743%)  19(9:0%) 2(10%) 02221 i
Thrombocytopenia 63(29:9%) 1(05%) 1(0-5%) 74(35:2%) 0(0-0%) 0(0-0%) 0-4988
Diarrhoea 125(592%)  10(47%) 0(0-0%) 167(795%) 43 (20:5%) 0(0-0%) <0-0001
Fatigue 144(68-2%) 7(33%) 0(00%) 153(729%)  18(8:6%) 0(0-0%) 00242
Febrile neutropenia 3(14%) 2(0:9%) 0(0-0%) 10(4-8%) 10 (4-8%) 0(0-0%) 00205
Mucositis or stomatitis 92(43-6%) 1(05%) 0(00%) 102 (48:6%) 6(2:9%) 0(0-0%) 00677

Anorexia 129 (611%) 11(52%) 0(00%) 141(671%)  23(110%) 0(0-0%) 00329 |

Nausea 111(52:6%) 9(4:3%) 0(0:0%) 99 (47-1%) 4(1:9%) 0(0-0%) 02593 |

Data are number (%). i

Table 2: Safety analysis - ‘

and FOLFIRI showed longer median prog free  administration in FOLFIRI c d with prior therapy

survival than reported in trials of monotherapy with
irinotecan.'® Thus, irinotecan-based regimens, such as
FOLFIRI and IRIS, delivered every 2 weeks, should be
considered after FOLFOX failure, especially in Japan. By
contrast, in the subgroup of patients previously treated
without oxaliplatin, progression-free survival was longer
in the FOLFIRI group than in the IRIS group (HR 1-490,
95% CI 1-079-2-059). In this subset, prior fluorouracil
monotherapy (oral, bolus) had failed in some patients. For
these patients, FOLFIRI might have greater efficacy than
IRIS. Nonetheless, even in this subgroup, median
progression-free survival in the IRIS group was
6-0 months and no worse than that previously reported
for second-line chemotherapy in patients refractory to
fluorouracil alone.***

In each of the subgroups stratified by use or non-use of
oxaliplatin, no differences were identified in other patient
characteristics between the two groups. There is no clearly
understood reason for the interaction between the presence
or absence of oxaliplatin and therapeutic effects in the two
groups. We speculate that a different mode of fluorouracil

Research in context

Systematic review

Before the study was initiated, we searched the PubMed
database for relevant articles using search terms such as
“metastatic colorectal cancer”, “chemotherapy”, “second
line”, and “phase 3". Based on the relevant articles obtained,
the institutional review board reviewed the appropriateness
as well as ethical and scientific aspects of the study, on which
to base the approval of the study.

Interpretation

Our study demonstrates the non-inferiority of IRIS to FOLFIRI,
one of international standard therapies for second-line
chemotherapy of metastatic colorectal cancer; thus, IRIS is an
option for second-line chemotherapy.

might work more effectively than S-1 for the patients
without prior therapy with oxaliplatin, and that S-1 might
have some salvage effects in patients who received
FOLFOX involving bolus and infusional fluorouracil.

Our data have some limitations. First, progression-free
survival, the primary endpoint, was assessed on the basis
of disease progressi blished by the i i at
each medical institution. Therefore, caution should be
used when our results are compared with those of other
studies in which progression-free survival was centrally
assessed. Second, around 40% of the patients in this trial
were not previously treated with oxaliplatin, since FOLFOX
therapy was approved in Japan only just before the study
was started. Because FOLFOX is now widely used as first-
line chemotherapy in Japan, patients should be carefully
selected when our overall results are used to apply IRIS
therapy in the clinical setting. However, we believe that
the findings from subgroup analyses suggest that IRIS
was better than FOLFIRI in patients who received an
oxaliplatin-containing regimen as first-line chemotherapy.

In conclusion, progression-free survival with IRIS is not
inferior to that with FOLFIRI in patients receiving second-
line chemotherapy for metastatic colorectal cancer. IRIS
therapy can be an additional treatment option for second-
line chemotherapy in metastatic colorectal cancer.
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Abstract

Aims: Clmually scrosn pocmve (T3—4) gastric cancer has a poor prognosis. This phase II trial explored the feasibility and safety of pre-
y 1 by D2 or D3 gastrectomy in this type of ga.\(m. cancer.

Melhods Patients with T3—4 gastric cancer received one course of S-1 (80 mg/m” daily for 3 weeks) and cisplatin (60 mg/m? on day 8)

chemotherapy and then underwent D2 or D3 gastrectomy with curative intent. Primary endpoint was toxicities.

Results: Of 50 patients enrolled, 49 were eligible and received the protocol. Ct h lated toxicities were mild; grade 3

neutropenia in 2 patients, anorexia in 3, and nausea in 2, and no grade 4 toxicities. Clinical response was achieved in 13 of 34 evaluable

patients. Of the 49 patients, 39 underwent D2 or D3 dissection. There was no surgical mortality. Operative morbidity occurred in 5 of 49

patients, including p.mcrcaua hsmla in 1 and abdominal abscess in 2.

Conclusion: This multi seems to be feasible and safe for T3—4 gastric cancer.

© 2010 Published by Elsevier le.

Keywords: Gastric cancer; Chemotherapy; Surgery; Phase I

I . 2
resection is essential for cure,” and because more than
half of T3 and T4 tumors have metastasized to lymph nodes

Introduction

Gastric cancer remains the second leading cause of can-
cer death in the world and is the most frequent malignancy
in Japan, South America, and Eastern Europe." Complete

Abbreviations: CF, 5-FU plus cisplatin; ECF, triplet chemotherapy of
CF plus epirubicin; DCF, CF plus docetaxel; JACCRO, Japan Clinical Can-
cer Rescarch Organization; WBC, white blood cell count; PLT, platelet
count; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; ALP, alkaline phosphatase; RECIST, response evaluation
criteria in solid wmors; JCOG, Japan Clinical Oncology Group.

* Corresponding author. Tel.: +81 45 391 5761; fax: +81 45 361 4692.

E-mail address: yoshik keel.jp (T. Yoshikawa)

0748-7983/$ - see front matter © 2010 Published by Elsevier Ltd.
doi:10.1016/).€j50.2010.04.011

along the major branch arteries or in the para-aortic area,
complete resection has involved D2 or D3 dissection in
Japan."" However, despite resection of these tumors with
curative intent, prognosis has been limited.* To improve
the survival of these patients, mew treatment strategies
must be developed.

Most clinical trials of postoperative adjuvant chemother-
apy have failed to prove a survival benefit.” However, a large
phase IIT trial recently demonstrated that adjuvant chemo-
therapy with S-1 (1 M tegafur—0.4 M gimestat—1 M ostat
potassium) significantly improved survival after D2 curative
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y in Jap p with T2N+ or T3 disease.”
Bdsed on this, D2 surgery and postuperzuve S-1 chemother-
apy has been blished as a Jard tr in Japan.

Nonetheless, even with adjuvant S-1 chemotherapy, the prog-
nosis for T3 tumors was not satistactory.

Preoperative chemotherapy followed by extended sur-
gery has some theoretical benefits when compared with
postoperative chemotherapy." If bulky tumors are reduced
in size by chemotherapy, complete wmor removal could
theoretically be easily aciueved by extended surgery. If dis-
tant  mi are i 1 by ck herapy,
complete resection by extended surgery may improve sur-
vival and result in cure in some cases. However, preopera-
tive chemotherapy followed by extended surgery has not
been confirmed in phase IIT trial.

A high response rate and relatively low toxicity are re-
quired for preoperative herapy, b larget tu-
mors  are rewclablc or marginally resectable and the
patients must receive potentially curative surgery after
chemotherapy. Combined chemotherapy with S-1 plus cis-
platin is an attractive regimen for preoperative chemother-
apy for gastric cancer. A previous phase II trial of this
regimen in metastatic gastric cancer reported d high re-
sponse rate of 76% and acceptable toxicities.” Rcwmly,

apeutic

Patients and methods
Eligibility criteria

Eligibility criteria were: (1) histologically proven gastric
adenocarcinoma; (2) stage clinically assessed as T3—4,
NO—N3 which is classified according to 2nd English Edi-
tion of Japanese Classification of Gastric Carcinoma,'
and MO; (3) age 20—75 years; (4) Eastern cooperative on-
cology group (ECOG) performance status 0—1; (5) no prior
therapy; (6) sufficient organ function [white blood cell
count (WBC) 4000—12 000 m.m’ pldlelel (.ount (PLT)
>100,000/mm’, gl i (GOT)
<80 IU/A, gl pyruvic (GPT) <80 1U/,
total bilirubin <1.5 mg/dl, alkaline phosphatase (ALP) <
two times greater than upper limit of normal, creatinine
< 1.2 mg/dl, creatinine clearance >60 ml/min, and hemo-
globin >8.0 g/dl]; and (7) written informed consent. Clini-
cal diagnosis was based on gastric fiberscopy, upper
gastroi inal series, hy, and ultraso-
nography. Serosal invasion of the primary tumor was eval-
uated by computed tomography. Endoscopic
ultrasonography or diagnostic laparoscopy was not manda-
tory, beuuse these remain outside of routine preoperative

a Japanese phase III trial of chemoth
for metastatic gastric cancer (SPIRITS trial) demonstrated
that S-1 plus cisplatin led to significantly longer median
overall survival than S-1 alone (13 months vs. 11
months)."” Moreover, in the recent international phase IIT
trial (FLAGS), S-1 plus cisplatin had lower toxicity but
achieved equally overall survival compared with 5-FU
plus cisplatin (CF) (Ajani JA, et al. presented at the 2009
Gastrointestinal Cancers Symposium). Triplet c} {
apy of CF plus epirubicin (ECF) or CF plus docetaxel
(DCF) is effective but more toxic than CE."!

However, the influence of preoperative chemotherapy on
D2 or D3 surgery has not been fully evaluated, although D2
and D3 gastrectomy are safe procedures in Japan.'? Unlike
DO or D1 surgery, D2 or D3 gastrectomy involves nodal dis-
section along the pancreas, which can cause pancreatic fistula
or abdominal abscess. These complications can be lethal and
might be increased by preoperative chemotherapy. The effect
of preoperative chemotherapy on surgical mortality or mor-
bidity with these procedures has not been fully clarified. Re-
cently, preoperative chemotherapy of CPT-11 plus cisplatin
followed by D3 dissection was tested in phase I trial to eval-
uate the efficacy and toxicity in J. apan.13 However, this trial
has been ter d due to high treat -related death dur-
ing the accrual. A safe and effective regimen before extended
surgery has yet to be reported.

The Japan Clinical Cancer Research Organization

ex i in Japan. Exclusion criteria were (1) severe
co-morbidities; (2) active and acute bleeding from the di-
gestive tract; (3) insufficient oral intake; (4) synchronous
or previous malignancy other than carcinoma in situ; and
(5) contraindications to S-1 or cisplatin. All patients pro-
vided informed consent before registration and were regis-
tered centrally at the JACCRO Data Center by means of the
online Flexible licence assisted data server (FLADS) sys-
tem. The JACCRO Data Center conducted the data man-
agement, central monitoring, and statistical analysis.

Preoperative chemotherapy

On the basis of previous reports S-1 (80 mg/m?) was
glven orally every day for 3 weeks and cisplatin (60 mg/
m? was administered intravenously on day 8 as one
course.”" If the patient had a WBC of 2000/mm” or lower,
neutrophil count of 1000/mm? or lower, PLT of 75,000/mm®
or lower, diarrhea or mucositis of grade 3 or higher, GOT or
GPT of grade 2, or serum creatinine of grade 1, chemother-
apy was postponed until recovery from these adverse events
and the next dose of S-1 was reduced to 70 mg/mm?, For di-
arrhea or mucositis of grade 1, chemotherapy was postponed
until recovery. In the case of GOT and/or GPT of grade 3 or
higher or serum creatinine of grade 2 or higher, chemother-
upy was terminated. If the patient had cardiac or neurologic

hi apy was postponed until recovery from

(JACCRO) therefore, conducted a multi-institutional phase
I trial JACCRO GC-01) to evaluate the feasibility and
safety of preoperative chemotherapy with S-1 plus cisplatin
followed by curative D2 or D3 gastrectomy for clinically
serosa-positive (T3—4) gastric cancer.

these toxic effects and Louﬁrmalion of their cause. For any

other adverse events of grade 2 or higher, chemotherapy

was postponed until recovery. If the chemotherapy was post-

puned but the toxicities had not resolved within 21 days, the
herapy was ter d after this period.
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Surgery

Tumor resectability was assessed after completion of
chemotherapy. Resection criteria were (1) RO resection
was anticipated by D2 or ded D2 g y; (2) suf-
ficient organ function (WBC >3000/mm?, neutrophils
>1000/mm*, PLT >100,000/mm®, GOT <100 IU/, GPT
<100 UL, creatinine <1.5 mg/dl); and (3) no active infec-
tion. Patients who fulfilled these criteria were treated by D2
or D3 gastrectomy with curative intent between two and
four weeks after finishing chemotherapy. The precise pro-
cedure of D2 and D3 dissection has been reported previ-
ously.'>!'" Combined resections of adjacent organs were
permitted when these procedures were indispensable for
curative resection.

Treatment defined by the protocol

The treatment protocol was defined as completed when
a patient received preoperative chemotherapy and under-
went RO resection by gastrectomy with D2 or D3 dissec-
tion. The treatment protocol was stopped when: (1)
response was evaluated as progressive disease during che-
motherapy; (2) the patient did not meet the criteria for sur-
gery after chemotherapy; (3) the patient underwent surgery
after chemotherapy but this took the form of exploratory
laparotomy, bypass, or non-RO resection; (4) the patient re-
fused further participation; or (5) the doctor recommended
stopping the protocol. After the treatment protocol was
stopped, any treatment was allowed and postoperative adju-
vant therapy was not defined.

Endpoints

Primary endpoint was toxicities. Secondary endpoints
included response rate and overall survival.

Evaluation

The response rate was evaluated only in patients with mea-
surable lesions; Response Evaluation Criteria in Solid Tumors
(RECIST) criteria were used' ® and response to chemotherapy
was evaluated by external review committee. Adverse reac-
tions during chemotherapy were evaluated by National Can-
cer Institute — Common Toxicity Criteria Version 2.0."7

Statistical hypothesis

Asitis difficult to predict the occurrence of severe adverse
events or treatment-related deaths and to calculate sample
size, feasibility and safety was evaluated in calculated sample
size based on the response rate to be required in this setting. A
Simon optimal two-stage design'® was used (o calculate the
sample size, assuming an anticipated response rate of 50%
and a threshold response rate of 30% with 10% alpha error
and 10% beta error. Using this design, if at least § objective

responses were observed among 22 patients in the first stage,
an additional 24 patients would be recruited to the second
stage. Taking into account tumors without measurable le-
sions and patients not fulfilling the eligibility criteria, sample
size was determined to be 50. Statistical analysis was per-
formed with SAS version 9.1 (SAS Institute, Cary, NC).
This phase I trial was approved by the JACCRO Protocol Re-
view Committee and the institutional review board of each of
the 8 JACCRO institutions involved.

Results
Patients

Between February 2004 and January 2005, 50 patients
were enrolled and the study was terminated. During the ac-
crual, unpredicted severe adverse events or treatment-re-
lated death was not observed. One of these patients
declined to participate, while the other 49 were eligible
and received the weatment protocol. Table | shows patient
demographics and tumor characteristics. Clinically appar-
ent nodal disease was observed in 40 patients.

Preoperative chemotherapy and toxicities

Of all 49 eligible patients, 3 did not receive cisplatin be-
cause of S-1-related toxicity. The average proportion of ac-
tual dose to proposed dose was 94% (2219.2 mg/
2348.6 mg) for S-1 and 94% for cisplatin (87.8 mg/

Table 1
Patient ics and p tumor
patients, n = 49).

(all eligible

Age (median, range) 62, 20-73
Sex (male/female) 36/13
PS (U/1) 46/3
Macroscopic type
1 4
6
3 24
4 14
5 1
Histologic type
Differentiated 17
Undifferentiated 31
Miscellaneous 1
Depth of wmor invasion
T3 44
T4 5
Nodal status*
NO 9
N1+, perigastric 17
N2+, along major branch arteries 12
N3+, para-aortic 11

* Nodal status was classified according to 2nd English Edition of Japa-
nese Clussification of Gastric Carcinoma.™
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92.0 mg). Adverse events during chemotherapy are shown in
Table 2. There were no grade 4 and a few grade 3 toxicities.

Clinical response

Clinical response could be evaluated in 34 patients who
had enlarged lymph nodes as target lesions as defined by
RECIST criteria. There were 13 responders (all showed
partial response); 18 patients had stable disease and 3 had
progressive disease. Thus, 13 of 34 evaluable patients dem-
onstrated 4 clinical response (38%) with a 95% confidence
interval from 22% to 56%.

Surgery

All of the 49 patients who completed chemotherapy un-
derwent surgery. Surgical findings are shown in Table 3.
Three patients underwent exploratory laparotomy due to
massive peritoneal dissemination, and 7 underwent palliative
DO or DI resection due to peritoneal dissemination or
extended lymph node metastasis. Curative resection was
intended for the remaining 39 patients; D2 was performed
in 27 and D3 in 12. Thus, D2 or D3 was performed in 39 of
all eligible 49 patients. Consequently, RO resection was per-
formed in 38 patients, R1 in 1 due to positive peritoneal cy-
tology, and R2 in 7 due to peritoneal dissemination or
extended lymph node metastases (Table 3). Thus, the propor-
tion of RO resections was 78% (38 of ull eligible 49 patients),
with a 95 per cent confidence interval from 66% to 89%.

Surgical morbidity and mortality

Surgical complications are shown in Table 4. There was
no operative mortality. On the other hand, operative mor-
bidity was observed in 5 of the 49 patients including pan-
creatic fistula in 1 and abdominal abscess in 2. No
anastomotic leakage was observed and no patients required
re-operation for morbidity.

Table 2
Adverse events during chemotherapy in all eligible patients (n = 49).

Grade 2 Grade 3 Grade 4

Grade 0 Grade 1

Leukocytes 48 0 1 0 0
Neutrophils 38 4 5 2 0
Hemoglobin 40 7 2 0 0
Platelets 48 0 1 0 0
Total bilirubin 48 1 0 0 0
GoTr 46 2 1 0 0
GPT 47 1 1 0 0
ALP 46 3 0 0 0
BUN 45 0 4 0 0
Urine creatinine 47 1 1 0 0
Urine protein 47 1 1 0 0
Anorexia 33 8 5 3 0
Nauusea 37 6 4 2 0
Vomiting 42 3 4 0 0
Diarrhea 45 3 1 0 0
Pigmentation 45 3 1 0 0

Table 3
Surgical findings in all operated patients (n =49).
Type of surgery
Proximal gastrectomy 1
Distal gastrectomy 18
Total gastrectomy 27
Exploratory laparotomy 3
Dissection (n=46)"
DO 4
D1 3
D2 27
D3 12
Combined resection
Spleen 13
Pancreas 4
Gall bladder 8
Spleen + pancreas 2
None 22
Operation time (minutes)
Median, range 232, 25-590
Blood loss (ml)
Median, range 342, 0-2760

* Three missing cases were exploratory laparotomy.
Pathological response

Details of pathological data are shown in Table 5. A total
of 18 patients were diagnosed as pathological T1 or T2 dis-
ease. The patt se rate in I pati de-
fined by the degeneration/necrosis area >1/3, was 39%. On
the other hand, nodal status, which was classified by 2nd En-
glish Edition of Japanese Classification of Gastric Carci-
noma, was evaluated in 39 patients who underwent D2 or
D3 gastrectomy. Pathological NO was observed in 8 patients.

Overall survival

Survival time was estimated in all 49 patients who were
eligible. Median follow-up period was 31 months from 27
to 38 months. The overall survival curve is shown in
Fig. 1. The three-year survival rate was 43.0% with
4 95% confidence interval from 35.6% to 50.3%.

Discussion

This multi-institutional phase II prospective trial demon-
strated neither treatment-related death nor severe adverse

Table 4
Surgicul complications in all operated patients (n = 49).

Number of patients %
Anastomotic leakage 0 0
Pancreatic fistula 1 2
Abdominal ubscess 2 4
Pneumonia 0 0
Tleus 0 0
Wound infection 1 2
Renal dysfunction 1 3
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Table 5
Pathological results.

Depth of mor invasion (2 = 46")

Tl
T2
T3
T4 9
Nodal status” (n = 39°)
D2 D3 D2/D3
NO 7 1 ]
NL 12 3 15
N2 6 4 10
N3 2! 4 6

* Three missing cases were exploratory laparotomy.

" Nodal status was classified according to 2nd English Edition of Japa-
cation of Gastric Carcinoma.'’

ng cases included exploratory laparotomy in 3, palliative DO
in 4 and palliative D1 gastrectomy in 3.

¢ Two cases were determined by a few lymph nodes of N3 dissected in

addition to D2 dissection.

events by preoperative cl apy of S-1 plus cispl
followed by extended surgery, suggesting that this multi-
modality treatment was safe and feasible.

Surgical mortality

No operative mortality was observed in the study, al-
though 39 of the 49 patients underwent D2 or D3 surgery after
preoperative chemotherapy. In the Japan Clinical Oncology
Group (JCOG) 9501 phase III trial that compared D2 and
D3 resections, mortality rate was reported to be 0.8% in

both arms.'* Thus, our results suggested that mortality of

D2 or D3 was not increased by preoperative chemotherapy
with S-1 plus cisplatin. In the retrospective study evaluating

the feasibility and safety of preoperative chemotherapy of

S-1 plus cisplatin followed by D2 dissection, no operative
mortality was reported.”*" In the MAGIC phase I trial
comparing surgery alone versus pre- and postoperative che-
motherapy combined with surgery for resectable gastric can-
cer, operative mortality was 5.6% in the chemotherapy group

(%)
100

0S 1Y :75.5%
2v:54.9%
204 37 :43.0%

& 12 18 24 30 3% 4200

arsk (49)  (46)  (38) (31} (27 (24 (13) ) —
Figure 1. Overall survival (n = 49). Median survival time was 31.5 months.
Overall survival was 75.5% at 1 year, 54.9% at 2 ycars, and 43.0% at 3
years.

and 5.9% in the surgery group, suggesting that mortality did
not increase by preoperative chemotherapy (with an ECF reg-
imen)."” However, in that trial, most patients underwent less
than D2 surgery. On the other hand, in JCOG 0001 trial eval-
uating the efficacy and safety of preoperative chemotherapy
of CPT-11 plus cisplatin followed by D3 surgery, operative
mortality was observed in 2.0%."* Thus, operative mortality
may depend on the toxicity of the preoperative chemotherapy
and the extent of the lymph node dissection.

Pancreas-related surgical morbidity

Pancreatic fistula is the major specific complication after
D2 or greater extended surgery. In this study, pancreatic fis-
tula was observed in 1 patient and abdominal abscess in 2 pa-
tients. As no apparent anastomotic leak was found in the
latter 2 patients, the abdominal abscess might have been
caused by pancreatic fistula, Thus, pancreatic fistula might
have been a complication in 4 maximum of 3 of 49 patients
in the present study, a proportion almost equivalent to that
found in the JCOG 9501 phase ITT trial.'” In that trial, tumors
were diagnosed as T2—T4, NO—N2, and PO by surgical find-
ings.'? In the present study, on the other hand, all tumors were
clinically diagnosed as T3—T4. Moreover, 11 of the present
patients had clinically apparent N3 disease. Hence, although
the tumors were more advanced in this study, the rate of pan-
creatic fistula was not increased by preoperative chemother-
apy with S-1 plus cisplatin. On the other hand, pancreatic
fistula was observed in 12.2% in JCOG 0001 trial consisting
of CPT-11 plus cisplatin followed by D3 dissection.'* Toxic
regimen could increase the rate of pancreatic fistula.

Overall surgical morbidity

In the present study, overall surgical morbidity was 5 of 49
which was slightly lower than the 20.9% to 28.1% observed
in the JCOG 9501 trial.'? Tn particular, anastomotic leakage
and re-operation were not observed in this study, while rates
of these events were 1.9% and 2.7%, respectively, in the
JCOG 9501 study.'? Thus, operative morbidity did not in-
crease with the present preoperative chemotherapy regimen.
In the MAGIC wrial, morbidity was similar in both arms of the
trial; 45.3% in the surgery alone group and 45.7% in chemo-
therapy group.' Because our preoperative chemotherapy
was performed only short term, operative morbidity appears
not to increase even after D2 or D3 surgery.

Chemotherapy-related toxicities

Chemotherapy-related toxicities were relatively mild in
this study. There were no grade 4 toxicities and only
a few grade 3 toxicities including neutropenia, anorexia,
and nausea. In the SPIRITS trial,'’ grade 3/4 bone marrow
suppression was more frequently observed when compared
with the present trial. Chemotherapy was limited to one
course in this study while it continued until disease
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progression in the SPIRITS trial, which would explain the
difference in the toxic profile between the two studies.
Our results may also suggest that mild toxicities led to
high ¢ li with this ct apy regimen and low
morbidity and mortality of D2 or D3 resection.

R to the ch herapy

yz

The present study achieved a relatively high response rate
of 38%, which was almost the same as observed in the path-
ological response of the primary tumor. Previous trials in
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Abstract

In the early 1990s, a combination of S5-fluorouracil
(5-FU) and cisplatin was widely adopted to treat
advanced gastric cancer; however, no survival advan-
tage over single-agent 5-FU was confirmed by the
results of randomized trials conducted over a long
period. Recently developed agents such as irinotecan,
taxanes (docetaxel), and new oral fluorouracil (S-1)
have yielded more promising results, with a response
rate of over 50% and a median survival time of over 10
months in combination studies. These newer combina-
tion regimens were investigated in various randomized
phase I1T studies to clarify if the newer-generation regi-
mens provided a survival advantage over the older-
generation regimens. Based on the findings of a large
randomized study, S-1 has become standard in the adju-
vant setting after D2 dissection curatively resected stage
1T and IIT gastric cancer. This article reviews the recent
advances in gastric cancer chemotherapy, especially in
Japan.

Key words Gastric cancer - Chemotherapy - Standard
chemotherapy

Introduction

Gastric cancer (GC) is the most common malignancy
in Japan. In 1998, more than 100000 new cases were
reported' and by 2015, it is anticipated that this number
will have climbed to nearly 150000 The only poten-
tially curative treatment for GC is surgical resection of
all of the gross and microscopic disease; however, recur-

Reprint requests to: M. Fujii
Received: January 26, 2009 / Accepted: March 18, 2009

rence is common, both in regional and distant sites. The
standard treatment for advanced or relapsed gastric
cancer (AGC) is chemotherapy, aimed at prolonging
survival.

Until about 10 years ago, there were few medical
oncologists in Japan, and gastrointestinal surgeons
played the part of oncologists in designing cancer che-
motherapy for patients with gastric or colorectal carci-
nomas. The educational systems for medical oncologists
were initiated by the Japan Society of Medical Oncol-
ogy (JSMO). However, from 2005 to 2007 only 205
specialists in medical oncology passed the ISMO exami-
nation. The JSMO predicts that 80 medical oncologists
will be initiated into the system cach year, but this will
be insufficient to cover all patients who have AGC.
Thus, surgeons must continue (o treat their patients
with AGC oncologically in Japan. Our aim in writing
this review is to make surgeons aware of the widely used
regimen or standard chemotherapy for GCs, because
we expect them to be able to treat their AGC patients
cffectively and safely.

Anticancer Drugs for AGC

One of the most widely studied single-agent
chemotherapies is the antimetabolite, 5-fluorouracil
(5-FU), which confers response rates of approximately
20%.** Tumor antibiotics (mitomycin C, doxorubicin,
and epirubicin), heavy metals (cisplatin and carbopla-
tin), taxanes (paclitaxel and docetaxel), and camptoth-
ceins  (irinotecan and topotecan) have also been
evaluated in the treatment of AGC and afford response
rates ranging from 5% to 30%.”” Newer fluorinated
pyrimidines such as the 5-FU prodrug, UFT (uracil and
tegafur), and 5-FU derivatives such as S-1, are of par-
ticular interest since they can be administered orally
and allow for mimicking of conventional infusional
therapy.
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Is Chemotherapy Effective Against AGC?

Several combination chemotherapeutic regimens have
been evaluated for their efficacy and tolerability in
the treatment of AGC. They often achieve adequate
response rates with variable toxicity in previously
untreated AGC patients. Compared with the best sup-
portive care, the median survival with combination
chemotherapy appears to be increased by 2 months or
longer.®

Standard Chemotherapy for AGC in
Western Countries

In Western countries, FAM (5-FU/adriamycin/mitomy-
cin C), FAMTX (5-FU/adriamycin/methotrexate), ELF
(etoposide/leucovorin/5-FU), and CF (cisplatin/5-FU)
regimens have been compared in several studies. In
consideration of their moderate activity, we do not rec-
ommend that any of the evaluated regimens be regarded
as the standard treatment. In a prospective, randomized
phase 111 study, Waters et al."’ compared a combination
of epirubicin, cisplatin, and 5-FU (ECF) with FAMTX
in previously untreated patients with AGC. This ECF
regimen resulted in significantly higher response rates
(46% vs 21%), median survival (8.7 vs 6.1 months), and
2-year survival rates (14% vs 5%), and is the de facto
standard treatment for AGC in Europe.

In a randomized phase TII study (TAX325), Moisey-
enko et al."" compared the efficacy and safety of cispla-
tin and 5-FU (CF) vs docetaxel, cisplatin, and 5-FU
(TCF) as front-line therapy in patients with metastatic
or nonresectable AGC. The final analysis revealed that
the addition of docetaxel to CF resulted in significantly
higher response rates (37% vs 25%, for TCF and CF,
respectively). Time-to-progression, the primary study
endpoint, was significantly higher in the TCF-treated
patients than in the CF-treated patients (5.6 months vs
3.7 months, respectively; P < 0.0004). At the time of this
interim analysis, the observed difference in median
overall survival favored TCF over CF (9.2 vs 8.6 months,
respectively; P = (.0201). The common severe toxicities
associated with TCF and CF included stomatitis (20.8%
and 27.2% of subjects, respectively), lethargy (21.3%
and 17.9%), diarthea (204% and 8.0%), nausea
(15.8% and 18.8%), vomiting (14.9% and 18.8%), and
febrile neutropenia or neutropenic infection (30% and
13.5%). Based on the results of the TAX325 trial, TCF
is regarded as standard chemotherapy in the United
States.

M. Fujii et al.: Gastric Cancer Chemotherapy in Japan
Japan Clinical Oncology Group (JCOG) 9205

Until the early 1990s there was no standard chemo-
therapy in Japan, although 5-FU infusion, CF, and
uracil-tegafur, and mitomycin C (UFIM) regimens
were widely employed in the clinical setting. In a three-
arm, large randomized phase 111 trial, Ohtsu et al.”
compared 5-FU with CF and with UFTM. They found
5-FU to be equal to or better than UFTM in terms of
response and survival. Although CF achieved a better
response rate and progression-free survival (PFS) than
5-FU monotherapy, there was no difference in overall
survival between these two arms (7.3 and 7.1 months
for CF and 5-FU, respectively). 5-FU monotherapy
remained as a reference arm in the next phase 111 trial
of the JCOG group.

New Anticancer Agents

S-1 consists of a 1:0.4:1 molar ratio mixture of tegafur
and two S5-FU-modulating substances: gimeracil
(5-chloro-2,4-dihydroxypyrimidine, CDHP) and oter-
acil (potassium oxonate). Sakata et al.” investigated the
efficacy of S-1 as a single chemotherapeutic agent in
AGC patients in a late phase II study. Four cycles of
S-1 were administered twice a day to 51 patients at a
dose of 80mg/m” per day. One complete response (CR)
and 24 partial responses (PRs) were observed, with an
overall response rate of 49%. The median survival time
(MST) achieved by S-1in a phase I1 study was 8 months
and it was generally well tolerated, the major toxicities
including anemia, leukopenia, granulocytopenia, diar-
rhea, malaise, and proteinuria.

Boku et al." reported a phase II trial of cisplatin/
CPT-11  combination chemotherapy involving 44
patients with AGC by the JCOG. Cisplatin was admin-
istered at a dose of 80mg/m’ on day 1, and CPT-11 was
administered at a dose of 70mg/m® on days 1 and 15
every 4 weeks. They reported 1 CR and 20 PR, with an
overall response rate of 48.0%, and an MST of 9 months.
The grade 4 major toxicities with this combination were
leukopenia (9.0%), neutropenia (57.0%), thrombocyto-
penia (2.0%), and anemia (5.0%).

JCOG 9912 Trial

The JCOG conducted another three-arm, randomized
phase IIT trial in 1999 (the JCOG 9912 trial), evaluating
the superiority of cisplatin/CPT-11 over the reference
arm 5-FU, and the noninferiority of S-1 to 5-FU.
The MSTs achieved by 5-FU, cisplatin/CPT-11, and
S-1 were 10.8 months, 12.3 months, and 11.4 months,
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respectively. Survival was not significantly better with
cisplatin/CPT-11 vs 5-FU (P =0.055); however, the non-
inferiority of S-1 vs 5-FU was confirmed (P < 0.001).
Subsequently, S-1 has been widely used in Japan as the
standard and first-line chemotherapy for AGC.

Combination Ch

apy with S-1

The efficacy of combination chemotherapy with S-1 in
AGC has been assessed in a number of phase I/I1
studies. Cisplatin at a dose of 60mg/m® on day 8 was
combined with S-1 for 3-weeks-on and 2-weeks-oft."
Treatment was repeated every 5 weeks, unless disease
progression was observed. The subjects of this trial were
19 AGC patients, and the incidences of severe (grade
3/4) hematological and nonhematological toxicities
were 15.8% and 26.3%, respectively, but all cases were
manageable. The response rate was 74% (14/19; 95%
confidence interval, 54.9-90.6), and the MST was 383
days.

Komatsu et al." reported the results of a phase I/I1
study with CPT-11 and S-1 (IRIS) in AGC patients. S-1
was given orally twice a day for 14 days, and CPT-11
was administered as a 90-min intravenous infusion on
days 1 and 15. This regimen was repeated every 4 weeks.
Fifteen patients were registered in the phase I study and
9 were added to the phase 1T study. Most of the nonhe-
matological toxicities were classified as grade 2 or lower,
except for grade 3 nausea and grade 3 level 2 dermatitis.
The hematological toxicities consisted of grade 4 neu-
tropenia in one patient at level 1 and level 2 in phase I,
and grade 4 neutropenia in 4 patients at level 2 in phase
II. All of these patients recovered after the drug was
suspended. These side effects were tolerable, and the
overall response rate was 54.2%. The MST achieved
with this regimen was 581 days.

Yoshida et al.” performed a phase T study and a
phase IT study of docetaxel in combination with S-1 in
patients with AGC. In the phase I study, neutropenia
and leukocytopenia were the dose-limiting toxicities
(DLTs). The recommended dose (RD) was 40mg/m’
on day 1 for docetaxel and 80mg/m® on days 1-14 for
S-1, every 3 weeks. In the phase IT study, the response
rate was 52.1% and the MST was 434 days. The most
common severe toxicities were neutropenia (18.5%),
leukopenia (12.3%), anemia (2.6%), stomatitis (10.4%),
anorexia (6.3%), and nausca (6.3%). Yamaguchi et al.”®
reported a phase I/11 study of docetaxel in combination
with S-1. During dose escalation, G3 infection without
neutropenia was the DLT. The RD was 40mg/m’
on day 1 for docetaxel and 80mg/m* on days 1-14
for S-1, every 4 weeks. The response rate was
45.7%, the MST was 14.2 months, and the PFS was
4.3 months. The most common severe toxicities were
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neutropenia  (67.4%), leukopenia (41.3%), anemia
(21.7%), anorexia (21.7%), nausea (6.5%), and stoma-
titis (6.5%).

Phase 111 Trials of S-1 Monotherapy vs S-1
in Combination

Based on the results obtained in the above phase I1
studies, three large randomized phase 111 studies, the
SPIRITS trial, the TOP-002 trial, and the JACCRO
GCO03 trial, were conducted independently to compare
data with that of S-1 monotherapy. In the SPIRITS
trial,” chemotherapy-naive patients with AGC were
randomly assigned to receive either S-1 plus cisplatin or
S-1 alone. In the patients assigned to receive S-1 plus
cisplatin, the S-1 (40-60mg depending on the patient’s
body surface area) was given orally, twice daily for 3
consecutive weeks, and 60mg/m® cisplatin was given
intravenously on day 8, followed by a 2-week rest period
within a 5-week cycle. Patients assigned to receive S-1
alone were given the same dose of S-1 twice daily for 4
consecutive weeks, followed by a 2-week rest period,
within a 6-week cycle. The primary endpoint was overall
survival and the secondary endpoints were PFS, propor-
tion of responders, and safety. Of the 305 patients
enrolled, 7 were ineligible or withdrew consent, 148
patients were assigned to the S-1 plus cisplatin group,
and 150 were assigned to the S-1 alone group. Median
overall survival was significantly longer in the patients
assigned to receive S-1 plus cisplatin than in those
assigned to receive S-1 alone (13.0 vs 11.0 months,
respectively; hazard ratio, 0.77; 95% confidence inter-
val, 0.61-0.98; P = (.04). The PFS was significantly
longer in the patients assigned to receive S-1 plus cispla-
tin than in those assigned to receive S-1 alone (median
PFS, 6.0 months vs 4.0 months, respectively; P < 0.0001).
Moreover, of the 87 patients with target tumors, assigned
to receive S-1 plus cisplatin, 1 showed a CR and 46
showed a PR (total response rate, 54%), and of the 106
patients with target tumors, assigned to receive S-1
alone, 1 showed a CR and 32 showed a PR (total
response rate, 31%). Grade 3 or 4 adverse events
including leukopenia, neutropenia, anemia, nausea, and
anorexia were reported in the group assigned to S-1 plus
cisplatin rather than in the group assigned to S-1 alone.
There were no treatment-related deaths in either group.
Based on this trial, S-1 plus cisplatin became regarded
as a new standard first-line treatment for patients with
AGC in Japan.

A randomized phase III trial was conducted to
evaluate the efficacy and safety of IRIS (S-1/CPT-11)
vs S-1 for AGC® Patients with previously untreated
AGC were randomized to Arm A (oral S-1, 80 mg/m” on
days 1-28, every 6 weeks) or Arm B (IRIS: oral S-1,
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80mg/m’ on days 1-21; and intravenous irinotecan,
80mg/m” on days 1 and 15, every 5 weeks) by dynamic
allocation. Treatment was continued unless disease pro-
gression or unacceptable toxicity was observed. The
primary endpoint was overall survival and the second-
ary endpoints were 1-year survival, response rate, and
toxicity. As a result, 326 patients were randomized to
Arm A (162 patients) or Arm B (164 patients), with a
final 315 evaluable patients (160 in Arm A and 155 in
Arm B). The patients’ characteristics were well bal-
anced in the two groups. By the end of the trial, 247
events (78%) had been observed. Although the MST of
the Arm A patients was 318 days (95% confidence inter-
val, 286-395) and that of the Arm B patients was 389
days (95% confidence interval, 324-458), Arm B did not
show significant superiority to Arm A (log-rank test P
= 0.23; hazard ratio = 0.86). The 1-year survival rates
were 44.9% in Arm A and 52.0% in Arm B.The response
rates were significantly different, being 26.9% in Arm
A vs 415% in Arm B (chi-square test; P = 0.035) in
187 RECIST (Response Evaluation Criteria In Solid
Tumors) evaluable patients. The most common grade
3/4 toxicities in Arm A vs Arm B were neutropenia
(10.6% vs 27.1%), diarrhea (5.6% vs 16.1%), anorexia
(18.8% vs 17.4%), nausea (5.6% vs 7.1%), and vomiting
(1.9% vs 3.2%). Based on this trial, IRIS achicved MST
and was better tolerated; however, IRIS did not show
significant superiority to S-1 alone in terms of the overall
survival. Thus, IRIS could not become a first-line treat-
ment for AGC.

A randomized phase III study comparing S-1 alone
with the S-1/docetaxel combination is ongoing through
the JACCRO GC03 trial* This study is a prospective,
multicenter, multinational (Korea and Japan), non-
blinded, randomized, phase III study of patients
with AGC. Patients are randomly assigned to reccive
3-week cycles of Treatment Arm A (docetaxel and
S-1) or 6-week cycles of Treatment Arm B (S-1 only).
The primary objective of the study is to compare the
median overall survival of the test arm (docetaxel and
S-1) with that of the control arm (S-1 only) in patients
with AGC. The secondary objectives arc (o assess
the time to tumor progression (TTP), defined as the
time from randomization to the date of first documen-
tation of progressive disease (PD); to determine the
clinical response (RR = response rate), defined as the
sum of the CR and PR according to the RECIST;
and to evaluate the safety of the two regimens,
It was expected that 628 patients (314 in each treatment
arm) would be enrolled in this trial and this has
been exceeded, with 628 patients from 103 centers
confirmed in September 2008. The first author of
this review is a principal participating investigator in
this trial, the results of which will be available in
2010.

M. Fujii et al.: Gastric Cancer Chemotherapy in Japan
Future Perspectives of Standard Chemotherapy

If the results of the S-1/docetaxel combination are posi-
tive, both S-1/docetaxel and S-1/cisplatin will offer stan-
dard care options for AGC. A triplet of the S-1/cisplatin/
docetaxel combination is expected as the next candidate
of the standard regimen.” The replacement of heavy
metals from cisplatin to oxaliplatin in the combination
with S-1is also expected. Some molecular target agents
have already been investigated for AGC. These agents
of the new generation are expected to make revolution-
ary progress in chemotherapy for unresectable or recur-
rent GCs.

Second-Line Chemotherapy

Weekly paclitaxel or cisplatin/CPT-11 is widely used as
second-line chemotherapy, but there is no established
regimen for patients with AGC failing to respond to,
or with progression after, first-line chemotherapy.
Although there are some phase 111 studies ongoing, the
treatment of S-1 refractory GC remains controversial
with regard to whether S-1 should be continued as a
second-line. After the successful adjuvant S-1 results
(ACTS-GC trial),” the same problem will arise in
patients receiving adjuvant S-1 for recurrence. The
JACCRO GCO05 trial is a randomized phase TI/III trial
of second-line chemotherapy comparing CPT-11 mono-
therapy with the S-1/CPT-11 combination for S-1 refrac-
tory GC. We expect that the results of this study will
resolve the controversy.

Neoadjuvant Chemotherapy (NAC)

Japanese surgeons can control N2 lymph node metasta-
sis by standard gastrectomy with D2 dissection. Neoad-
juvant chemotherapy for high-risk patients with AGC
is important to increase the chance of curative resection
and make unresectable GC tumors resectable by down-
staging the tumor. Tumors with HO, PO, T3, T4, or N3
are most suitable for this therapy. The downstaging of
lymph node metastasis of N3 or over to controllable N2
is the main target of NAC. Other distant metastasis,
such as hepatic, lung, or peritoneal dissemination, is
usually treated by chemotherapy first, and is not a target
of NAC. S-1/cisplatin is widely used for the NAC
regimen based on the high response rate reported in a
phase II trial.” Randomized controlled phase I1T studies
are needed in conjunction with accurate staging of the
disease by laparoscopy. The results of histopathologic
examination of resected materials following preopera-
tive chemotherapy are thought to be an indicator of
chemosensitivity in the postoperative adjuvant setting.
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As yet, there is no clear evidence of the utility of NAC
for GC, but its benefits will be proved soon by random-
ized controlled trials.

Adjuvant Chemotherapy

Before 2004, no positive results of adjuvant chemother-
apy for curatively resected GC were reported. In the
United States, the INT-0116 showed that adjuvant
chemoradiation prolonged survival and relapse-free
survival.** However, most of the patients in this study
underwent DO or D1 surgery, whereas only 10% under-
went D2 lymphadenectomy. The European MAGIC
trial, performed mainly in the United Kingdom, showed
that perioperative and postoperative chemotherapy
with ECF significantly prolonged overall survival and
progression-free survival. In that study, D2 surgery was
not the standard procedure, as it is in Japan. Compari-
sons of adjuvant chemotherapy vs surgery alone after
D2 surgery in Japan were not positive.

In 2007, Nakajima et al.” reported positive results of
adjuvant UFT based on the NSAS GC trial. In this trial,
patients with TNM (tumor node metastasis) stage T2
N1-2 GC were randomly assigned to undergo surgery
alone or to undergo surgery followed by postoperative
UFT 360mg/m? per day orally for 16 months. However,
this trial was terminated before the target number of
patients had been reached as accrual was slower
than expected, with 190 patients registered and 95 ran-
domized to each group. Nevertheless, after a median
follow-up of 6.2 years, the overall and relapse-free
survival rates were significantly higher in the
surgery+chemotherapy group (hazard ratio for overall
survival 0.48, P = 0.017; hazard ratio for relapse-free
survival .44, P = 0.005). Furthermore, in 2007 Sakura-
moto et al.” reported the success of adjuvant S-1 che-
motherapy in patients with curatively resected GC.
Patients with stage 11 or IIT GC who underwent gastrec-
tomy with D2 dissection were randomly assigned to
undergo surgery followed by adjuvant therapy with S-1
or to undergo surgery only. In the surgery+S-1 group,
S-1 was started within 6 weeks after surgery and contin-
ued for 1 year. The treatment regimen consisted of
6-week cycles in which, in principle, 80 mg/m” of oral S-1
per day was given for 4 weeks and no chemotherapy was
given for the following 2 weeks. There were 529 patients
assigned to the surgery+S-1 group and 530 patients
assigned to the surgery-only group between October
2001 and December 2004. The trial was stopped on the
recommendation of independent data and the safety
monitoring committee, because the first interim analy-
sis, performed 1 year after enrollment was completed,
showed that the surgery+S-1 group had a higher overall
survival rate than the surgery-only group (P = 0.002).
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Analysis of follow-up data showed that the 3-year
overall survival rate was 8(.1% in the surgery+S-1 group
and 70.1% in the surgery-only group. The hazard ratio
for death in the surgery+S-1 group vs the surgery-only
group was (.68 (95% confidence interval, 0.52-0.87; P =
0.003). Adverse events of grade 3 or grade 4 (defined
according to the Common Toxicity Criteria of the
National Cancer Institute), which were relatively
common in the surgery+S-1 group, were anorexia
(6.0%), nausea (3.7%), and diarrhea (3.1%). It was con-
cluded that S-1 is an effective adjuvant treatment for
patients who have undergone a D2 dissection for locally
advanced GC.

Conclusions

—

. The standard regimen now used for AGC in Japan
is the S-1/cisplatin combination, and we are awaiting
the trial results about S-1/docetaxel combination
chemotherapy. If the results of this S-1/docetaxel
combination are positive, both S-1/docetaxel and
S-1/cisplatin will offer standard care options for
AGC.

. Weekly paclitaxel or cisplatin/CPT-11 is widely used
as second-line chemotherapy after refractory S-1, but
there is still no standard second-line regimen until
ongoing phase ITT results are reported.

. Neoadjuvant chemotherapy for high-risk patients
with AGC is important to increase the chance of
curative resection and make unresectable GC tumors
resectable by downstaging the tumor. Downstaging
of N3 (or more) lymph node metastasis to control-
lable N2 is the main target of NAC.

The standard chemotherapy for T2 N1-2 GC after

D2 dissection is adjuvant UFT, and that for stage II,

TIT GC after D2 dissection is adjuvant S-1.
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Fucoidan reduces the toxicities of chemotherapy for patients
with unresectable advanced or recurrent colorectal cancer
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Abstract. Combination chemotherapy with oxaliplatin plus
5-fluorouracil/leucovorin (FOLFOX) or irinotecan plus 5-fluo-
rouracil/leucovorin (FOLFIRI) has become a standard regimen
for advanced or recurrent colorectal cancer. Numerous studies
have reported that long-term use of FOLFOX or FOLFIRI
leads to better survival for these patients. Thus, control of the
toxicity of these drugs may be crucial to prolonging survival.
Fucoidan is one of the major sulfated polysaccharides of
brown seaweeds and exhibits a wide range of biological activi-
ties. In the present study, we analyzed the effect of fucoidan
on suppressing the toxicity of anti-cancer drugs. A total of 20
patients with unresectable advanced or recurrent colorectal
cancer scheduled to undergo treatment with FOLFOX or
FOLFIRI were randomly allocated into a fucoidan treatment
group (n=10) and a control group without fucoidan treatment
(n=10). Results showed that fucoidan regulated the occurrence
of fatigue during chemotherapy. Chemotherapy with fucoidan
was continued for a longer period than chemotherapy without
fucoidan. Additionally, the survival of patients with fucoidan
treatment was longer than that of patients without fucoidan,
although the difference was not significant. Thus, fucoidan
may enable the continuous administration of chemotherapeutic
drugs for patients with unresectable advanced or recurrent
colorectal cancer, and as a result, the prognosis of such patients
is prolonged.

Introduction

To prolong the survival of patients with unresectable advanced
or recurrent colorectal cancer, itis essential to continue effective
chemotherapy for as long as possible. Since the introduction of
oxaliplatin for use in Japan in April 2005, combination chemo-
therapy with oxaliplatin plus 5-fluorouracil (5-FU)/leucovorin
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(LV) (FOLFOX) or irinotecan plus 5-FU/LV (FOLFIRI)
has become the standard regimen for advanced or recurrent
colorectal cancer, and a high response rate has been reported
(1-3). However, FOLFOX and FOLFIRI are associated with
severe toxicity, such as nausea, vomiting, stomatitis, diarrhea,
fatigue, neutropenia, anemia, thrombocytopenia and liver
dysfunction. A number of patients discontinue these effective
chemotherapies due to toxicity. Thus, the prognosis of patients
with unresectable advanced or recurrent colorectal cancer
remains low despite advances in chemotherapeutic drugs.

To reduce the toxicity of chemotherapeutic drugs, various
types of drugs or dietary supplements have been introduced
(4-6). Among these supplements, fucoidan has been reported
to exhibit anti-inflammatory, antiviral and anti-tumor activities
(7-9). Fucoidan is a sulfated polysaccharide found mainly in
various species of brown seaweeds such as kombu, wakame,
mozuku and hijiki. Subsequently, fucoidan has become the
focus of substantial pharmaceutical research.

The present study investigated whether fucoidan reduces
the toxicity of chemotherapeutic drugs in patients with unre-
sectable advanced or recurrent colorectal cancer.

Materials and methods

Patients. Between April 2008 and June 2009, 20 patients were
diagnosed with unresectable advanced or recurrent colorectal
cancer and were scheduled to undergo FOLFOX or FOLFIRI
chemotherapy at our hospital. The Eastern Cooperative
Oncology Group performance status of these patients was
0 or 1, and they had adequate bone marrow (platelet count
=100,000/1, white blood cell count >4,000/1, granulocyte count
=>1500/1, hemoglobin level of 210.0 mg/dl), renal (serum crea-
tinine concentration <2.0 mg/dl), and hepatic (serum bilirubin
level <2.0 mg/dl) functions. Adjuvant chemotherapy using 5-FU
plus LV was administered to 9 of the 20 patients prior to enroll-
ment in this study. The Ethics Committee of Tottori University
approved treatment with fucoidan to reduce the toxicity of
chemotherapeutic drugs in 2008 (approval no. 1223).

Informed consent was obtained from the 20 patients, who
were randomly allocated to a fucoidan treatment group (n=10)
and a control group without fucoidan treatment (n=10). The
patients were followed up until July 2010. The patient details
are shown in Table I.
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Table I. Patient characteristics.
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Table II. Major adverse events.

+ Fucoidan - Fucoidan P-value +Fucoidan - Fucoidan ~ P-value
No. of patients 10 10 No. of patients 10 10
Age (mean + SD, years)  71.3£7.5  69.6:88 0762  Leukocytopenia 1 0 0.305
Male/Female 6/4 73 0639  Neutropenia 3 4 0.639
ECOG 0653 Anemia . 2 1 0.531
PS 0/1 5/5 4/6 Lhrombocytopema (1) ? 03(3)2
Tumor 0.653 ausea L
Primary/Recurrent 4/6 sl Diarrhea ! 2 0531
X Imarye n Stomatitis 3 1 0.264
Primary tumor 0.639 Fatigue 1 6 0.019
Col'on/Rectum 64 B Peripheral neuropathy 3 5 0361
Previous chemotherapy 0.653 Liver dysfunction 0 2 0.136
Yes/No 4/6 5I5
Site of disease 0.953 *Adverse events 22.
Liver 5 4
Lung 2 2
Pelvis 1 1 X X X X X X X
Peritoneum 1 1 1 L
Lymph node 1 1
Primary tumor 0 1 0.3 Fucoidan +|
2 secescccas
ECOG, The Eastern Cooperative Oncology Group; PS, performance E 0.6 1 . r
sesseseae
status. =
E 0.4 7 Fucoidan -
i)
E}
@ 0.2 B
Chemotherapy. A number of versions of FOLFOX therapy |
exist, of which modified FOLFOX6 (mFOLFOX6) allows Ly . . . . . .
for more convenient administration and has been adopted by 0 5 10 15 20 25 30

various medical institutions in association with popularization
of outpatient chemotherapy. Thus, mFOLFOX6 has been the
first-line therapy for patients with unresectable advanced
or recurrent colorectal cancer at our hospital (10). A 2-h
intravenous infusion of oxaliplatin (85 mg/m?) plus I-LV
(200 mg/m?) was followed by a bolus intravenous injection
of 5-FU (400 mg/m?), after which 5-FU (2,400 mg/m?) was
administered by continuous infusion for 46 h. However, 4 of
the 20 patients requested FOLFIRI as first-line therapy. In
the FOLFIRI regimen, on day 1, 180 mg/m? of irinotecan
and 200 mg/m? of I-LV were administered as a 2-h infusion,
prior to a 400 mg/m? 5-FU intravenous bolus injection.
Subsequently, 2,400 mg/m? of 5-FU was administered as
a 46-h continuous infusion. The duration of one cycle of
mFOLFOX6 was the same as that of FOLFIRI (2 weeks).
Details of the chemotherapy regimens have been previously
described (10).

Fucoidan treatment. Fucoidan is a sulfated polysaccharide
that is extracted from brown seaweed, such as mozuku. In the
present study, a high-molecular-weight product of fucoidan
was used, which was derived from Cladosiphon okamuranus
(Okinawamozuku) by Marine Products Kimuraya Co., Ltd.
(Tottori, Japan). In the fucoidan group, each patient received
150 ml/day of liquid that contained 4.05 g fucoidan for
6 months from the initial day of chemotherapy.

Time after treatment (months)
Figure 1. Survival curves of advanced or recurrent colorectal cancer
patients. Solid line, survival curve of 10 patients who received fucoidan

treatment. Dotted line, survival curve of 10 patients who did not receive
fucoidan treatment. The difference was not significant (P=0.314).

Clinical assessment. All toxicities, with the exception of
peripheral neuropathy, were graded according to the National
Cancer Institute Common Toxicity Criteria (NCI CTC) (11).
Peripheral neuropathy was graded according to the specific
grading system (12). Hematological variables and clinical
status were recorded every 2 weeks during the chemotherapy
period. The drug dose level was reduced in the case of severe
or persistent toxicity according to our protocol (10). In the case
of persistent grade 3 toxicity or when grade 4 toxicity was
recorded, chemotherapy was terminated.

Endpoints. The incidence and severity of adverse events were
assessed as the primary endpoints, and patient survival, measured
from the date of the first treatment until the patient succumbed
to the disease, was assessed as the secondary endpoints.

Statistical analysis. The Chi-square test for independence,
Fisher's exact probability test and the Mann-Whitney U test
were used to compare patient characteristics, treatment status,
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adverse events and the anti-tumor effect. The survival rates of
the two groups were estimated by the Kaplan-Meier method,
and the statistical differences between survival curves were
examined by the log-rank test. P<0.05 was considered to be
statistically significant.

Results

It was noted that fucoidan exhibited no side effects, such as
allergic dermatitis. All 20 patients completed the 6 months of
fucoidan therapy safely. Additionally, no patients succumbed
due to chemotherapeutic toxicity. A total of 307 cycles of
mFOLFOX6 or FOLFIRI were administered during the
study, with a median of 154 cycles per patient (range 7-38).
The average number of treatment cycles (19.9) in the fucoidan
group was significantly greater than that in the control group
(10.8 cycles, P=0.016).

The observed toxicities of the chemotherapeutic drugs
are listed in Table II. No patients presented with severe
toxicity (grade 4) in either group. The occurrences of diar-
rhea and neurotoxicity were not suppressed by fucoidan.
Myelosuppression was found to be similar in the fucoidan and
control groups. In contrast, general fatigue was detected in
60% of the control group, but was significantly suppressed to
10% in the fucoidan group (Table IT).

Patients were followed up at our hospital. The median
follow-up period of the 20 patients was 15 months (range
5-27). During the follow-up period, 6 patients (2 in the
fucoidan group and 4 in the control group) succumbed due to
colorectal cancer progression. The survival of the 10 patients
receiving fucoidan treatment was longer than that of the
10 patients in the control group, but the difference was not
significant (P=0.314, Fig. 1).

Discussion

Fucoidan is one of the major sulfated polysaccharides of brown
seaweeds, and it has a wide range of biological activities.
Choi et al (13) found that fucoidan protects gastric mucosa
from inflammatory cytokine-mediated oxidative damage in
rats. Hayashi et al (7) reported that fucoidan reduces CCl,-
induced acute and chronic liver failure with hepatic fibrosis.
The anti-inflammatory activity of fucoidan was demonstrated
in rats (14), and fucoidan conferred no toxicity in rats at high
doses (15). Thus, fucoidan is anticipated to improve human
health, and has been widely distributed as a foodstuff but
not as a drug. However, the detailed mechanism of action of
fucoidan remains to be verified, and its effects in humans have
yet to be determined.

In the present study, we analyzed whether fucoidan
protects patients from the toxicity of anti-cancer drugs.
Nausea, vomiting, diarrhea, general fatigue and bone marrow
suppression are well-known common adverse effects of anti-
cancer drugs. Peripheral neuropathy is specific for oxaliplatin.
We found that fucoidan suppressed the occurrence of general
fatigue in colorectal cancer patients during chemotherapy.
It has been demonstrated that fatigue reduces the individual
resources of patients, affects their nutritional status, increases
morbidity and can have a negative impact on the dose intensity
of cancer therapy (16). Iop et al (16) reported that fatigue, which
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was graded using NCI CTC, was detected in almost 30% of
patients receiving chemotherapy. In the present study, grade 2
and 3 fatigue was detected in 60% of colorectal cancer patients
during chemotherapy. The use of antidepressants may also
play a role in the treatment of fatigue, and a number of patients
are administered chemical supplements of unproven efficacy.
However, no published data exist to confirm this hypothesis. In
our study, patients who received fucoidan were able to endure
prolonged chemotherapy without fatigue. However, fucoidan
did not have an impact on other adverse effects of anti-cancer
drugs. The mechanisms that explain chemotherapy-induced
fatigue remain to be determined, and no general treatment is
currently available to alleviate the symptoms.

Fucoidan has also been found to play a significant role in
tumor suppression (17-20). Yamasaki-Miyamoto et al (8) and
Hyun er al (21) showed that fucoidan activates caspase-8 or
extracellular signal-regulated kinase and induces apoptosis
in tumor cells. These pro-apoptotic effects of fucoidan have
not been detected in normal cells. However, no indisputable
evidence exists that fucoidan prolongs the survival of cancer
patients, even in animal models with human tumor implants. In
the present study, although the number of patients was limited
and the results were not statistically significant, the prognosis
of patients with unresectable advanced or recurrent colorectal
cancer was more favorable upon treatment with fucoidan
than without. This may be explained by the fact that fucoidan
prolonged the duration of the chemotherapy by suppressing
the toxicity of the anti-cancer drugs or through an anti-cancer
effect of fucoidan itself. Therefore, large controlled studies
are required to evaluate the therapeutic effect of fucoidan for
unresectable advanced or recurrent colorectal cancer.
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Usefulness of Low—Dose and Long—Term Administration of Imatinib in Patients with Liver Metastases of Rectal GIST
and GIST of Stomach: Osamu Kimura, Osamu Yamamoto, Kazunori Hisamitsu, Nariyuki Yamane and Ryuichi Hamazoe
(Dept. of Surgery, National Hospital Organization Yonago Medical Center)
Summary

Imatinib is an effective drug for KIT positive GIST, and the usual dose is 400 mg/day. On the other hand, imatinib some-
times causes leucopeny and it is hard to maintain a dosage of 400 mg./day. We reparted here the two cases with a remark-
able response of unresectable GIST using a low-dose and long—term administration of imatinib. It seems that a low dose
and long-term administration of imatinib will be an important therapy for unresectable GIST. Key words: GIST, Imatinib, PR
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